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(57) Abstract 

A cutting insert that has a flank face 
and a rake face and a cutting edge at the 
juncture thereof. The substrate presents a 
bulk region that contains a metallic binder, as 
well as one or more of Group IVB, Group 
VB and Group VIB metal carbides and/or 
carbonitrides. The substrate further includes 
a flank surface region near the flank face of 
the substrate that has a solid solution metal 
carbide and/or carbonitridc content greater 
than that of the bulk region. The substrate 
includes a rake surface region near the rake 
face of the substrate with a solid solution 
metal carbide content that is less than that of 
the flank surface region. 
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CUTTING INSERT AND METHOD OF MAKING THE SAME 

Background 

The invention pertains to a coated cutting 
insert wherein the flank face has improved wear 
resistance and the rake face has improved impact 
resistance. 

The article entitled "The Microstructure 
Features and Cutting Performance of the High Edge 
Strength Kennametal Grade KC850" by Nemeth et al., 
(Proc. Te nth Plansee Seminar , Metalwerke Plansee A.G., 
Reutte, Tyrol, Austria, (1981), pp. 613-627, mentions 
that, "... by combining a high impact resistant rake 
face with a deformation resistant f lank face of a 
coated insert, we can substantially increase edge 
strength without significantly altering wear 
resistance." This article describes the use of a 
cutting insert which has a substrate with binder 
enrichment on the rake surface and the bulk 
microstructure (or composition) on the flank surface. 

U. S. Patent No. 4,610,931, to Nemeth et al., 
(U. S. Reissue Patent No. 34,180) describes a coated 
cutting insert wherein the substrate has binder 
enrichment on the rake face- and the bulk substrate 
composition on the flank face of the substrate. None 
of the above-mentioned documents presents a coated 
cutting insert with a substrate wherein the substrate 
has a flank face with improved wear resistance due to a 
flank surface region with a higher hard phase (e.g., 
solid solution carbide and/or carbonitride) content and 
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a rake surface region with a microstructure (or 
composition) different from that of the flank surface 
region and which provides improved impact resistance. 

Summary 

5 In one form thereof, the invention is a 

cutting insert that comprises a flank face and a rake 
face with a cutting edge at a junction thereof. The 
cutting insert has a substrate which comprises a bulk 
region that includes a metallic binder, and one or more 
10 of a first metal carbide, a first metal carbonitride, a 
second metal carbide, and a second metal carbonitride, 
either alone or in solid solution or in mixtures. The 
first metal and the second metal, which is different 
from the first metal, are each selected from the group 

15 consisting of the Group IVB (titanium, zirconium, and 

hafnium) , Group VB (vanadium, niobium, and tantalum) , 
and Group VIB (chromium, molybdenum, and tungsten) 

transition metals. 

The substrate includes a flank surface region 
20 near the flank face of the substrate, and a rake 

surface region near the rake face of the substrate. 
The flank surface region includes a hard constituent 
comprising one or more of a solid solution of metal 
carbides and carbonitrides of the first metal and the 
25 second metal. The content of the hard constituent in 

the flank surface region is greater than the content of 
the hard constituent in the bulk region. The content 
of the hard constituent in the rake surface region is 
less than the content of the hard constituent in the 
30 flank surface region. 

Brief Description of the Drawings 
The following is a brief description of the 
drawings which form a part of this patent application: 
FIG. 1 is an isometric view of a specific 
35 embodiment of a cutting insert of the invention; 
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FIG. 2 is a cross-sectional view of the 
cutting insert of FIG. 1 taken along section line 2-2; 

FIG. 3 is a cross-sectional view of a second 
specific embodiment of the cutting insert of the 
5 invention; and 

FIG. 4 is a cross-sectional view of a stack 
of cutting insert substrates. 

Detailed Description 

Referring to the drawings, FIGS. 1 and 2 

10 illustrate a first specific embodiment of a cutting 

insert of the invention, generally designated as 10. 
Cutting insert 10 is an indexable cutting insert which 
has a rake face 12, a flank face 14, and a cutting 
edge 16 which is at the juncture of the rake face 12 

15 and the flank face 14. Cutting insert 10 further has a 
substrate 18 which preferably presents two rake 
faces 20 and 24, and a flank face 22 (which extends 
around the periphery of the cutting insert 10) . 
Cutting insert 10 also has a coating 26 on the rake 

20 faces 20 and 24, and the flank face 22 of the 
substrate 18. 

Referring to the substrate 18 of cutting 
insert 10, the substrate 18 has a bulk region 30 which 
is in the interior of the substrate 18. In the case of 

25 cutting insert 10, the bulk region 30 extends between 

the rake faces 20 and 24 of the substrate 18. The 
composition of the bulk region 30 is that of the basic 
bulk composition of the substrate 18. 

The substrate further has a flank surface 

30 region 32 which extends inwardly from the flank 

surface 22 toward the interior of the substrate 18. As 
will become apparent from the discussion set forth 
below, the flank surface region 32 has a microstructure 
(and composition) that is different from that of the 

35 bulk region 30. Very briefly, the flank surface 

region 32 has a solid solution carbide content that is 



WO 98/13528 



PCTYUS97/n691 



higher than the solid solution carbide content of the 
bulk region 30. FIG. 2 depicts the thickness of the 
flank surface region 32 in an exaggerated fashion for 
illustrative purposes. The typical thickness of this 
5 region is between about 10 micrometers (pm) and 20 pm. 

In a preferred embodiment for a cemented 
carbide, the bulk composition of the substrate is a 
tungsten carbide based cemented carbide containing at 
least 70 weight percent tungsten carbide, and more 

10 preferably, at least 80 weight percent tungsten 

carbide. The binder is preferably cobalt or a cobalt 
alloy and, preferably, has a bulk concentration of 
between about 2 and about 12 weight percent. The more 
preferable bulk cobalt content is between about 5 and 

15 about 8 weight percent. Even more preferably, the bulk 

cobalt content is between about 5.5 and about 7 weight 
percent. 

The bulk composition of the substrate also 
preferably contains (although it is not a necessity) 

20 solid solution carbide forming elements such as 
titanium, hafnium, zirconium, niobium, tantalum, 
chromium, and vanadium with these elements being 
preferably selected from titanium, niobium and 
tantalum, either alone or in combination with each 

25 other. These elements preferably may be added to the 
initial powder mixture as an element, alloy, carbide, 
nitride or carbonitride. 

When these elements are present, it is 
preferable that the concentration of these elements 

30 (when present) is within the following ranges: the sum 

of the tantalum and niobium content is up to about 
12 weight percent, and the titanium content is up to 
6 weight percent. The more preferable concentration of 
these elements (when present) is that the sum of the 

35 tantalum content and the niobium content is between 

about 3 and about 7 weight percent and the titanium 
content is between about 0.5 and about 6 weight 
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percent. The most preferable concentration of these 
elements (when present) is that the sum of the tantalum 
content and the niobium content is between about 4 and 
about 6.5 weight percent, and the titanium content is 
5 between about 1.5 and about 4.0 weight percent. For 
each one of the above-mentioned ranges for the sum of 
the tantalum and niobium contents, the maximum amount 
of the niobium content is preferably equal to about 
thirty percent of the sum of the tantalum and niobium 
10 contents. 

In regard to the solid solution carbide 
forming elements in the bulk region of the substrate, 
it should be appreciated that these elements form, at 
least to some extent (and preferably for the most 

15 part), solid solution carbides and/or solid solution 
carbonitrides with the tungsten carbide in the 
substrate. However, these elements may be present as 
simple carbides, carbonitrides and nitrides and/or in 
combination with solid solution carbides. 

20 Specific compositions of the bulk region for 

cemented carbide cutting inserts may include, but are 
not limited to, the compositions set forth below. 
These compositions produce a sintered substrate which 
has surface binder enrichment. 

25 Composition No. 1 comprises about 5.8 weight 

percent cobalt, about 5.2 weight percent tantalum, no 
greater than about 0.4 weight percent niobium, about 
2.0 weight percent titanium, and the balance tungsten 
and carbon. For Composition No, 1, the average grain 

30 size of the tungsten carbide is between about 1 and 
about 8 micrometers (ym) , the specific gravity is 
between about 13.95 and about 14.25 grams per cubic 
centimeter (g/cm 3 ), the Rockwell A hardness is between 
about 91.3 and about 91.9, the magnetic saturation is 

35 100 percent, and the coercive force is between about 
135 and about 185 oersteds. The description of the 
binder enrichment for Composition No. 1 is set forth in 
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the above-mentioned Nemeth et al. article ("The 
Microstructure Features and Cutting Performance of the 
High Edge Strength Kennametal Grade KC850, " by Nemeth 
et al. ( Proc. Tenth Plansee Seminar , Metalwerke Plansee 
5 A.G., Reutte, Tyrol, Austria, (1981), pp. 613-627). 

Composition No. 2 comprises about 6.0 weight 
percent cobalt, about 4.6 weight percent tantalum, 
about 1.0 weight percent niobium, about 3.5 weight 
percent titanium, and the balance tungsten and carbon. 

10 For Composition No. 2, the average grain size of the 

tungsten carbide is between about 1 and about 6 ym, the 
specific gravity is between about 13.30 and about 13.60 
g/cm 3 , the Rockwell A hardness is between about 91.8 
and about 92.4, the magnetic saturation is between 

15 about 88 percent and about 100 percent, and the 
coercive force is between about 155 and about 
205 oersteds. 

Composition No. 3 comprises about 6.3 weight 
percent cobalt, about 3.5 weight percent tantalum, 

20 about 1.5 weight percent niobium, about 2.0 weight 

percent titanium, and the balance tungsten and carbon. 
For Composition No. 3, the average grain size of the 
tungsten carbide is between about 1 and about 7 ym, the 
specific gravity is between about 13.80 and about 14.10 

25 g/cm 3 , the Rockwell A hardness is between about 90.7 
and about 91.3, the magnetic saturation is between 
about 88 and 100 percent, and the coercive force is 
between about 125 and about 155 oersteds. 

The description of the binder enrichment for 

30 Compositions Nos. 2 and 3 is set forth in U. S. Reissue 
Patent No. 34,180 (U. S. Patent No. 4,610,931) to 
Nemeth et al. 

The flank surface region 32 presents a 
microstructure which has a higher content of solid 

35 solution carbides than does the bulk region 30. For 

example, the bulk region may comprise tungsten carbide, 
cobalt, and a solid solution carbide of tungsten, 
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titanium, niobium and tantalum while the flank surface 
region may comprise tungsten carbide and cobalt along 
with a higher concentration of a solid solution carbide 
or carbonitride of tungsten and titanium. 

A preferable range of solid solution carbide 
enrichment for the flank surface region is between 
about 200 percent and about 400 percent of the solid 
solution carbide content of the bulk substrate. A more 
preferable range of solid solution carbide enrichment 
is between about 300 percent and about 4 00 percent of 
the bulk solid solution carbide content. The most 
preferable range of solid solution carbide enrichment 
is between about 350 percent and about 400 percent of 
the bulk solid solution carbide content. 
15 A sintered substrate of Composition No. 3 had 

the following two coating schemes deposited as the 
layer 88 on the as-ground flank surface. Coating 
Scheme No. 1 comprised a 3 micrometer (ym) thick PVD 
TiN/TiCN/TiN coating. Coating Scheme No. 2 comprised a 
20 CVD coating consisting of a 1 \im thick inner layer of 
TiCN and a 7 pm thick outer layer of TiN. 

In the case of a cermet cutting insert, the 
substrate is a titanium carbonitride-based composition. 
The bulk composition of the cermet comprises between 
25 about 1 to about 14 weight percent cobalt, between 

about 3 to about 11 weight percent nickel, between 
about 5 to about 11 weight percent molybdenum, between 
about 13 to about 23 weight percent tungsten, up to 
about 10 weight percent tantalum, and the balance being 
titanium, carbon, and nitrogen. Specific compositions 
for the bulk region of the cermet substrate may 
include, but are not limited to, the following 
compositions : 

Composition No. 4 comprises about 5.1 weight 
35 percent cobalt, about 4.2 weight percent nickel, about 
10.2 weight percent molybdenum, about 21 weight percent 
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tungsten, and the balance titanium, nitrogen, and 
carbon. 

Composition No. 5 comprises about 1.8 weight 
percent cobalt, about 8.5 weight percent tantalum, 
5 about 9.8 weight percent nickel, about 10 weight 

percent molybdenum, about 15 weight percent tungsten, 
and the balance titanium, nitrogen, and carbon. 

Composition No. 6 comprises about 12 weight 
percent cobalt, about 8 weight percent tantalum, about 
10 6.5 weight percent molybdenum, about 4.3 weight percent 

nitrogen, about 17.5 weight percent tungsten, about 
6 weight percent nickel, and the balance titanium and 
carbon. 

The coating 26 may vary in thickness, but a 
15 preferable range is between 3 micrometers (pm) and 
12 ym. The coating may be applied by any one of a 
variety of suitable techniques; however, the typical 
(and most preferable) techniques comprise chemical 
vapor deposition (CVD) and physical vapor deposition 
20 (PVD) . The coating material may be any hard material 

such as, for example, cubic boron nitride (cBN), 
diamond, diamond like coating, titanium carbide, 
titanium nitride, titanium carbonitride, alumina, and 
titanium aluminum nitride. 
25 Referring to FIG. 3, there is illustrated a 

cross-sectional view of a second specific embodiment of 
a cutting insert of the invention, generally designated 
as 50. Cutting insert 50 includes two rake face 52 
and 53, and a flank face 54. The rake faces 52, 53 and 
30 the flank face 54 intersect to form a cutting edges 

56, 57. The cutting edges may be in a sharp, honed 
(e.g., .0005 to .003 inch radius hone), chamfered, or 
chamfered and honed condition. The cutting insert 50 
further includes a substrate 58 and a coating 60. 
35 The substrate 58 presents two rake faces 62 

and 64 and a flank face 66 which extends about the 
periphery of the substrate 58. The substrate 58 
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includes a bulk region 68 which presents a composition 
and microstructure that is of the basic bulk 
composition. These bulk compositions of cemented 
carbides and cermets are similar to those for the first 
5 specific embodiment of the cutting insert 10, 

The substrate 58 further includes a first 
rake surface region 70 which begins at (or near) and .... 
extends inwardly from the rake face 62 of the 
substrate 58. The substrate 58 also includes a second 

10 rake surface region 72 which begins at (or near) and 
extends inwardly from the bottom rake face 64 of the 
substrate 58. The first rake surface region 70 and the 
second rake surface region 72 present a microstructure 
and composition that is enriched in the binder so that 

15 the binder content is higher in these regions (70, 72) 

than in the bulk region 68. 

In regard to the extent of binder enrichment 
in the first and second rake surface regions, a 
preferable range of binder enrichment is between about 

20 125 and about 300 percent of the bulk binder content. 

A more preferable range is between 150 and about 
300 percent of the bulk binder content. The most 
preferable range is between about 150 and about 
250 percent of the bulk binder content. FIG. 3 depicts 

25 the thicknesses of the first rake surface region 70 and 
the second rake surface region 72 in an exaggerated 
fashion for illustrative purposes. The typical 
thickness of these regions .is described in the Nemeth 
et al. article and U. S. Reissue Patent No. 34,180 

30 (U. S. Patent No. 4,610,931), to Nemeth et al. 

The substrate 58 further has a flank surface 
region 76 which begins at (or near) and extends 
inwardly from the flank face 66 of the substrate 58. 
The microstructure (and composition) of the flank 

35 surface region 76 is different from that of the bulk 

region 68 in that the flank surface region 76 has a 
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solid solution carbide content that is higher than the 
solid solution carbide content of the bulk region 68. 

The preferable ranges for the extent of the 
solid solution carbide enrichment are the same as those 
5 set forth above on the description of the flank surface 

region 32 of cutting insert 10. These ranges will not 
be repeated herein r but are applicable to cutting 
insert 50. FIG. 3 depicts the thickness of the flank 
surface region 76 in an exaggerated fashion for 

10 illustrative purposes. The typical thickness of this 

region is between about 10 pm and 20 pm. 

The cutting insert further includes a final 
coating 79 which is deposited on the surface of the 
substrate. The coating 79 is adjacent to the first 

15 surface rake region 70 r the second surface rake 

region 72, and the flank surface region 76. The 
coating 79 may comprise one or more layers of various 
compounds. The coating 7 9 may also be deposited by 
chemical vapor deposition (CVD) , physical vapor 

20 deposition (PVD) or both CVD and PVD. 

The processes for producing the cutting 
inserts (10, 50) are set forth below. 

The first step in the basic process is to 
blend the powder components so as to provide a powder 

25 blend. It is typical that the blending will occur in a 
ball mill containing solvent, fugitive binder (or 
lubricant) and the powder charge ingredients. One 
example of the blending step is described in U. S. 
Patent No. 5,250,367, to Santhanam et al., for a Binder 

30 Enriched CVD and PVD Coated Cutting Insert, which is 

hereby incorporated by reference herein. 

Once the powder components have been 
sufficiently blended and the charge dried, the powder 
blend will be pressed into the basic shape of the 

35 cutting insert so as to form a green compact. This 

green compact exhibits partial density, but not full 
density. 
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The next step is to sinter the green compact 
at a temperature above the liquidus of the metallic 
binder for a preselected time and at a preselected 
pressure. An exemplary temperature is 2650°F (1456°C), 
and an exemplary time is 45 minutes and an exemplary 
pressure is 5 torr argon. The green compact may be 
sintered to full density. 

For certain compositions (e.g., Compositions 
Nos. 1, 2 and 3), the sintering step will result in the 
as-sintered substrate presenting a zone of binder 
enrichment beginning at or near the peripheral surface 
of the substrate and extending inwardly therefrom a 
. certain distance, i.e., a binder enriched zone. The 
binder enriched zone exhibits a binder content which is 
15 greater than the binder content of the bulk substrate. 

The next step is to grind the flank surface 
so as to remove the binder enriched zone which occurs 
during the sintering. It is optional to also grind the 
rake faces so as to remove the binder enriched zones. 
20 Thus, depending upon the specific application for the 

cutting insert, after the grinding step the cutting 
insert substrate may either present an as-ground flank 
surface and as-ground rake surfaces (which have the 
binder enriched zone ground off) or an as-ground flank 
25 surface (without binder enrichment) and as-sintered 
rake surfaces (which still present a binder enriched 
zone) . 

Then the next step is to take a plurality of 
the as-ground sintered substrates 80 and stack them on 
30 top of each other. FIG. 4 illustrates a plurality of 

the cutting insert substrates (where the flank surfaces 
as well as the rake surfaces have been ground) stacked 
on top of each other. These substrates 80 are stacked 
such that, except for the top substrate and the bottom 
substrate, the rake face 82 is contiguous to the rake 
surface 84 of the adjacent substrate 80. FIG. 4 makes 
it readily apparent that the top rake face 82 of the 
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top substrate 80 and the bottom rake surface 84 of the 
bottom substrate are exposed. The flank face 86 of 
each substrate 80 is exposed. 

The next step comprises depositing via CVD a 
5 layer 88 of a compound on the flank faces 86 of the 

sintered as-ground substrates 80. The compound for 
layer 88 is selected so as to form upon activation 
solid solutions with the components of the substrate. 
When the substrate is a cemented carbide, the typical 
10 compounds for layer 88 include metal compounds (more 

preferably, carbides, nitrides, and carbonitrides) from 
the Group IVB, Group VB, and Group VIB transition 
metals such as, for example, titanium carbide, titanium 
nitride and titanium carbonitride. 
15 The next step is to separate the sintered 

cutting insert substrates 80 and optionally remove 
material, i.e., grind and/or hone, from the surface 
regions of the substrates. Although it depends upon 
the particular application for the cutting insert, the 
20 substrate may be ground at the rake faces. It is 

typical to hone the cutting edges of the substrate. 
Grinding the rake faces of the sintered substrate 
removes any microstructure (e.g., a binder enriched 
zone, if present, at or near the surface of the rake 
25 faces) different from that of the bulk region. 

The next step comprises the activation of the 
compound that comprises layer 88. The activation can 
occur through resintering the sintered substrate (with 
the layer 88 thereon) or through the localized 
30 application of heat or energy to the layer 88. The 

localized application of heat or energy can be applied 
through laser techniques or any other technique that 
focuses a high energy beam on (or applies high energy 
to) a localized area. 
35 one result of the activation step is to cause 

one or more components of the substrate to diffuse 
toward the layer 88 so as to participate in the 
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formation of a flank surface region. Another result of 
the activation step is to cause some or all of the 
compound which comprises layer 88 to diffuse toward the 
flank face of the substrate. This diffusion could be 
5 of one or more components, including one or more 

carbide-forming metals, of the compound toward the 
flank face of the substrate so as to also participate 
in the formation of a flank surface region. There is 
typically a two-way diffusion of components between the 
layer 88 and the substrate during the activation step 
wherein the majority of the diffusion, or the dominant 
diffusion mechanism, comprises the diffusion of the 
components of the substrate toward the layer 88. The 
preferred consequence of the activation step and the 
resultant diffusion mechanism is the disappearance of 
the distinct layer 88 and the formation of the flank 
surface region. The flank surface region, which 
presents a microstructure and composition that is 
different from that of the bulk substrate, begins at or 
near the peripheral surface of the flank face and 
extends a specific distance inwardly therefrom. 

One typical case is where the bulk substrate 
is a cemented carbide-based composition that contains 
tungsten carbide and cobalt and the compound for 
layer 88 comprises titanium carbide, titanium nitride, 
or titanium carbonitride. During the activation step, 
the dominant diffusion mechanism is the diffusion of 
the tungsten carbide and cobalt toward the layer 88. 
In addition to the dominant diffusion mechanism, the 
titanium from the layer 88 diffuses toward the flank 
face. The diffusion in both directions, i.e., a two- 
way diffusion, forms the flank surface region 
(region 32 for insert 10 and region 76 for insert 50) 
in which there is a solid solution metal carbide of 
tungsten and titanium along with tungsten carbide and 
cobalt. The content of the (W, Ti)C in the flank 
surface region is higher than in the bulk region of the 



WO 98/13528 



PCT/US97/12691 



-14- 



substrate. Upon completion of the activation step and 
the resultant diffusion, the distinct layer 88 of 
titanium nitride or titanium carbonitride ceases to 
exist. 

5 In those cases in which the bulk region 

includes tungsten carbide, cobalt and other solid 
solution carbides and the compound for layer 88 
comprises titanium carbide, titanium nitride, or 
titanium carbonitride, the components of the substrate 
10 (of which tungsten carbide is the dominant component) 

diffuses toward the layer 88. The titanium from 
layer 88 diffuses toward the substrate at the flank 
face whereby the two- way diffusion forms the flank 
surface region. The flank surface region has a higher 
15 overall content of the solid solution carbides, with 

(W, Ti)C being the dominant solid solution carbide, 
than the bulk region. The distinct layer 88 of 
titaniun carbide, titanium nitride or titanium 
carbonitride ceases to exist as a result of the two-way 
20 diffusion mechanism. 

After completion of the activation step the 
substrate may (or may not) be ground and the cutting 
edge honed to a preselected dimension. In a case where 
the objective is to produce a cutting insert substrate 
25 which has either one or both of the rake surfaces with 

a microstructure and composition different from that of 
the bulk region, one or both of these surfaces is not 
ground. For example, in regard to the cutting insert 
substrate of FIG. 3, there are two rake surface regions 
30 which exhibits a higher binder content than that of the 
bulk region. To maintain these regions of higher 
binder content, it is typical that the rake faces would 
not be subjected to grinding. 

The next optional step comprises the 
35 application (or deposition) of the hard coating to 

selected areas of the cutting insert substrate so as to 
form the coated cutting insert. The cutting inserts 
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illustrated in FIGS. 2 and 3 show that the coating 
(26, 60) covers the entire surface of the cutting 
insert substrate. However, it should be appreciated 
that, depending upon the specific application, only 
5 selected areas of the cutting insert substrate may have 

a coating therein. The coating may comprise one or 
more layers. 

As mentioned above, the coating may be 
applied any one of a variety of coating techniques 

10 including CVD and PVD. Previously mentioned U. S. 

Patent No. 5,250,367, to Santhanam et al., discloses 
CVD and PVD methods to apply a hard coating to the 
cutting insert substrate. 

In the case where the substrate is a cermet, 

15 the compound that constitutes the layer 88 would 

comprise compounds that form solid solution 
carbonitrides with the titanium in the titanium 
carbonitride. A suitable compound for layer 88 would 
comprise one hundred weight percent tungsten carbide. 

20 All patents and other documents identified in 

this application are hereby incorporated by reference 
herein. 

Other embodiments of the invention will be 
apparent to those skilled in the art from a 
25 consideration of the specification or practice of the 
invention disclosed herein. It is intended that the 
specification and examples be considered as 
illustrative only, with the true scope and spirit of 
the invention being indicated by the following claims. 
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WHAT IS CLAIMED IS : 

1. A cutting insert comprising: 

a flank face and a rake face, a cutting 
edge at a junction of the rake face and the flank face; 
5 the cutting insert having a substrate 

comprising a bulk region including a metallic binder, 
and one or more of a first metal carbide, a first 
metal carbonitride, a second metal carbide, and a 
second metal carbonitride either alone or in solid 
10 solution or in mixtures; 

the first metal being selected from the 
■ group consisting of the Group IVB, Group VB, and Group 
VIB transition metals, and the second metal being 
different from the first metal and being selected from 
15 the group consisting of the Group IVB, Group VB, and 

Group VIB transition metals; 

the substrate including a flank surface 
region near the flank face of the substrate, the 
substrate including a rake surface region near the rake 
20 face of the substrate; 

the flank surface region including a 
hard constituent comprising one or more of a solid 
solution of metal carbides and carbonitrides of the 
first metal and the second metal, the content of the 
25 hard constituent in the flank surface region being 

greater than the content of the hard constituent the 
bulk region; and 
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the content of the hard constituent in 
the rake surface region being less than the content of 
the hard constituent in the flank surface region. 

2. The cutting insert of claim 1 wherein 
5 the composition of the rake surface region is 

substantially the same as the composition of the bulk 
region. 

3. The cutting insert of claim 1 wherein 
the metallic binder content of the rake surface region 

10 is between about 125 percent and about 300 percent 

greater than the metallic binder content of the bulk 
region. 

4. The cutting insert of claim 1 wherein 
the metallic binder content of the bulk region is 

15 higher than the metallic binder content of the flank 
surface region. 

5. The cutting insert of claim 1 wherein 
the hard constituent content in the flank surface 
region is between about 200 percent and about 4 00 

20 percent higher than the hard constituent content in the 
bulk region. 

6. The cutting insert of claim 1 wherein 
the first metal comprising tungsten; and the second 
metal comprising titanium, and the bulk region of the 

25 substrate comprising a major component of tungsten 

carbide and a minor component of solid solution 
carbides of tungsten and one or more of titanium, 
niobium, tantalum, hafnium, zirconium, and vanadium; 
and the metallic binder comprising cobalt. 

30 7. The cutting insert of claim 6 wherein 

the bulk region of the substrate comprises the sum of 
tantalum and niobium being equal to up to about 12 
weight percent, up to about 6 weight percent titanium, 
between about 3 and about 12 weight percent cobalt, and 

35 the balance being tungsten and carbon. 

8. The cutting insert of claim 1 wherein 
the first metal comprising titanium and the second 
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metal comprising tungsten, the bulk region of the 
substrate comprising tungsten carbide and the metallic 
binder comprising cobalt; and the flank surface region 
comprising cobalt and a solid solution carbide of 
5 tungsten and titanium. 

9. The cutting insert of claim 1 wherein 
the first metal comprising titanium and the second 
metal comprising tungsten, the bulk region of the 
substrate comprising a major component of titanium 

10 carbonitride and a minor component of the solid 
solution carbides of titanium and one or more of 
tungsten, tantalum, and molybdenum; and the metallic 
binder comprising nickel and cobalt. 

10. The cutting insert of claim 1 further 
15 including a coating bonded to the substrate, and the 

coating comprises one or more layers of one or more of 
the following components cubic boron nitride, diamond, 
diamond like coating, titanium carbide, titanium 
nitride, titanium carbonitride, alumina, and titanium 
20 aluminum nitride. 

11. The cutting insert of claim 1 wherein 
the binder comprises one or more selected from the 
group consisting of cobalt, cobalt alloys, nickel, 
nickel alloys, iron, iron alloys, and combinations 

25 thereof. 

12. A process for producing a cutting insert 
comprising the steps of: 

sintering a powder mixture to form a 
sintered substrate with a rake face and a flank face, 

30 wherein the sintered substrate includes a metallic 

binder and a first metal carbide with the first metal 
selected from the group consisting of the Group IVB, 
Group VB, and Group VIB transition metals; 

depositing a layer on the flank face 

35 wherein the layer contains one or more of a second 
metal carbide, a second metal carbonitride, and a 
second metal nitride, wherein the second metal is 
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different from the first metal and is selected from the 
group consisting of the Group IVB, Group VB, and Group 
VIB transition metals; 

activating the layer wherein at least 
5 one component of the substrate diffuses toward the 
layer and at least one component of the enrichment 
compound diffuses toward the substrate at the flank 
face so as to form a flank surface region near the 
flank face, the flank surface region having a solid 

10 solution metal carbide of the first metal and the 

second metal, wherein the content of the solid solution 
metal carbide in the flank surface region is greater 
than the content of the solid solution metal carbide in 
the bulk region. 

15 13. The method of claim 12 further including 

the step of coating the substrate with a coating. 

14. The method of claim 13 further 
including, prior to the coating step, the step of 
forming a rake surface region in the sintered substrate 

20 near the rake face wherein the -metallic binder content 
in the rake surface region is greater than the metallic 
binder content in the bulk region. 

15. The method of claim 12 further 
including, after the sintering step, the step of 

25 removing material from selected areas of the flank face 
of the substrate. 

16. The method of claim 12 wherein the 
activating step includes impinging a high energy beam 
on the flank face having the layer therein. 

30 17. The method of claim 12 wherein the 

activating step includes sintering the substrate. 

18. The method of claim 12 wherein after 

completion of the activation step the layer no longer 

exists as a discrete layer. 
35 19. The method of claim 12 further 

including, after the sintering step and before the 
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depositing step, the step of stacking a plurality of 
the as-sintered substrates on top of each other. 

20. A coated cutting insert comprising: 

a flank face and a rake face, a cutting 
5 edge at a junction of the rake face and the flank face; 

the cutting insert having a substrate 
comprising a bulk region including a metallic binder 
comprising one or more of cobalt and a cobalt alloy, 
and the substrate further comprising tungsten carbide, 
0 tantalum carbide, and titanium carbide either alone or 
in solid solution or in mixtures; 

the substrate including a flank surface 
region near the flank face of the substrate, the 
substrate including a rake surface region near the rake 
5 face of the substrate; 

the flank surface region including a 
hard constituent comprising a solid solution carbide of 
two or more of tungsten, titanium and tantalum, the 
content of the hard constituent in the flank surface 
0 region being greater than the content of the hard 

constituent the bulk region; 

the content of the hard constituent in 
the rake surface region being less than the content of 
the hard constituent in the flank surface region; 
5 the content of the metallic binder in 

the rake surface region being greater than the content 
of the metallic binder in the bulk region and the flank 
surface region; and 

a coating adhered to the surface of the 

\0 substrate. 



PCT/US97/12691 



WO 98/13528 



- 21 - 



AMENDED CLAIMS 

[received by the International Bureau on 28 January 1998 (28.01.98); 
original claim 1 amended; remaining claims unchanged (3 pages)] 



5 1. A cutting insert comprising: 

a flank face and a rake face, a cutting edge 
at a junction of the rake face and the flank face; 

the cutting insert having a substrate 
comprising a bulk region including a metallic binder, 

10 and one or more of a first metal carbide, a first 
metal carbonitride , a second metal carbide, and a 
second metal carbonitride either alone or in solid 
solution or in mixtures; 

the first metal being selected from the group 

15 consisting of the Group IVB, Group VB, and Group VIB 

transition metals, and the second metal being different 
from the first metal and being selected from the group 
consisting of the Group IVB, Group VB, and Group VIB 
transition metals; 

20 the substrate including a flank surface 

region near the flank face of the substrate, the 
substrate including a rake surface region near the rake 
face of the substrate; 

the flank surface region including a hard 

25 constituent comprising one or more of a solid solution 
of metal carbides and carbonitrides of the first metal 
and the second metal wherein at least a portion of the 
hard' constituent in the flank surface region results 
from activation of a layer deposited on the flank 

30 surface wherein the layer contains one or more of a 

solid solution of metal carbides and carbonitrides of 
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the first metal and the second metal, the content of 
the hard constituent in the flank surface region being 
greater than the content of the hard constituent the 
bulk region; and 
5 the content of the hard constituent in the 

rake surface region being less than the content of the. 
hard constituent in the flank surface region. 

2. The cutting insert of claim 1 wherein the 
composition of the rake surface region is substantially 

10 the same as the composition of the bulk region. 

3. The cutting insert of claim 1 wherein the 
metallic binder content of the rake surface region is 
between about 125 percent and about 3 00 percent greater 
than the metallic binder content of the bulk region. 

15 4. The cutting insert of claim 1 wherein the 

metallic binder content of the bulk region is higher 
than the metallic binder content of the flank surface 
region . 

5. The cutting insert of claim 1 wherein the 
20 hard constituent content in the flank surface region is 

between about 2 00 percent and about 4 00 percent higher 
than the hard constituent content in the bulk region, 

6. The cutting insert of claim 1 wherein the 
first metal comprising tungsten; and the second metal 

25 comprising titanium, and the bulk region of the 

substrate comprising a major component of tungsten 
carbide and a minor component of solid solution 
carbides of tungsten and one or more of titanium, 
niobium, tantalum, hafnium, zirconium, and vanadium; 

30 and the metallic binder comprising cobalt. 

7. The cutting insert of claim 6 wherein the 
bulk region of the substrate comprises the sum of 
tantalum and niobium being equal to up to about 12 
weight percent, up to about 6 weight percent titanium, 

35 between about 3 and about 12 weight percent cobalt, and 
the balance being tungsten and carbon. 

8. The cutting insert of claim 1 wherein the 
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first metal comprising titanium and the second 



AMENDED SHEET (ARTICLE 19) 



WO 98/13528 



PCT/US97/12691 



/// 

JO 

IZ / 




FIG. 3 



INTERNATIONAL SEARCH REPORT 



tatarr *l Application No 

PCT/US 97/12691 



A. CLASSIFICATION OF SUBJECT MATTER _ , , m 

IPC 6 C22C29/O0 B22F7/06 B23B27/14 



Aooordwg to International Patent CU— riootion (IPC) or to both national olocsfication and IPC 



B. FIELDS SEARCHED 



Minimum dooumantation searched (dsasttoabon system followed fay classification 

IPC 6 C22C B22F B23B 



Dooumantation searched othar than minimum dooumantation to tha eitant that tuoh documents ara included in tha folds searched 



Electronic data bosa oonsuttad during tha international search (nam* of data baaa and, whara practical, search tarma uaad) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with tidioation, whara appropriate, of tha raJavant paaaagaa 



Relevant to claim No. 



DATABASE WPI 

Section Ch, Week 9113 

Derwent Publications Ltd., London, 6B; 

Class L02, AN 91-089543 

XP6G2046638 

& JP 03 032 502 A (KYOCERA CORP) , 13 
February 1991 
see abstract 

& PATENT ABSTRACTS OF JAPAN 

vol. 15, no. 164 (M-1106), 24 April 1991 

& JP 03 032502 A (KYOCERA CORP), 13 

February 1991, 

see abstract 

-/-- 



1.2,4,5, 
9,11,12, 
17,18 



3.10,13, 
14,20 



m 



Further document* ara toted in tha continuation of box C. 



m 



Patent family membera ara toted in annex. 



* Speoial categories of oaed document* : 

'A* document daf Wng tha general state of tha art which ia not 

oonaidarad to be of particular relevance 
"E* eartier document but published on or after the international 

riling data 

V document which may throw doubts on priority ou»m<s) or 
which ■ cited to establish tha publication data of another 
citation or other special reason (as specified) 

'O* document referring to an oral oUotosure, use, exhtottion or 



•P* document published prior to tha international filing data but 
later than the priority date claimed 



*T* later document published after the aiternational fiing dale 
or priority data and not in conflict with the appaoation but 
cited to understand tha pan opto or theory underlying die 
invention 

*X* document of particular relevance; the claimed invention 
oannot be considered novel or cannot be considered to 
involve an inventive step when tha document is taken atone 

*Y" document of particular reWvonoe; the claimed invention 

oannot be considered to invoke an inventive step when the 
document » combined with one or more other such docu- 
ments, tuoh oombeietion being obvious to a person ski 1 led 
in the art. 

*A" document member of the same patent family 



Date of the actual completion of the international search 



12 November 1997 



Data of mailing of the international search report 



12. 97 



Name end mailing address of the ISA 

European Patent Office, P.B. 5618 Patontiaan 2 
NL • 2280 HV Rpwi* 
Tel. (01-70) 340-2040, Tx. 31 651 epo nf, 
Fax: (♦31-70)340-3018 



Authorised officer 



Bjoerk, P 



Form PCT/ISA/210 (ascend »hoet) {Jut* '992) 



page 1 of 2 



WO 98/13528 A1 



Page 28 of 29 



INTERNATIONAL SEARCH REPORT 



a) Application No 

PCT/US 97/12691 



C.(Conttouttk>n) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * I Citation of doourmnt, with Indiootioawhor* appropriata, of *a ratovent paaaaga* 



I Rabvant to claim No. 



DATABASE WPI 

Section Ch, Week 9637 

Derwent Publications Ltd., London, GB; 

Class L02, AN 96-366613 

XP002046639 

& JP 08 174 310 A (MITSUBISHI MATERIALS 
CORP) , 9 July 1996 
Table 1; Fig. 3 
see abstract 

WO 90 08613 A (KRUPP WIDIA GMBH) 9 August 
1990 

Claim 1; Fig.l 

EP 0 515 340 A (SANDVIK AB) 25 November 
1992 

Abstract; Example 2; Page 3, lines 9-12 

TSUDA K. ET AL.: "Development of 
Functionally Graded Sintered Hard 
Materials" 

ADVANCES IN HARD MATERIALS PRODUCTION, 
27 - 29 May 1996, STOCKHOLM, SWEDEN, 
pages 45-52, XP002046636 
Figs. 3-5; Conclusion (4) 

US 4 610 931 A (NEMETH BELA J ET AL) 9 

September 1986 

cited in the application 

Claims 



1.9.11 



3,10.13, 
14,28 



1-9,11, 
12 



1-20 



Foiro PCT/tSA/210 <corrtinu*ion at second thMf) (Ulty 1W2) 



page 2 of 2 



WO 98/13528 A1 



if •• »/{. 



Psae 29 of 25 



INTERNATIONAL SEARCH REPORT 

ntonMUan on patent family nwnbew 



PCT/US 97/12691 



Patent document 




Publication 




Patent lomily 




Publication 


ctioQ in oooiwn nipo 


rt 


date 




ftiambor^s) 




data 


WO 9008613 


A 


09-G8-90 


DE 


3902532 C 


23-11-89 






0E 58905793 0 


04-11-93 






EP 


0454686 A 


UO" 11- J L 






ES 


2044542 T 


01-01-94 


EP 0515340 


A 


25-11-92 


AT 


134714 T 


15-03-96 






DE 69208520 D 


04-04-96 






DE 69208520 T 


11-07-96 






JP 


5178666 A 


20-07-93 






US 


5306326 A 


26-04-94 


US 4610931 


A 


09-09-86 


AU 


539101 


B 


13-09-84 






AU 


8168882 


A 


18-11-82 






BE 


892634 


A 


16-07-82 






CA 


1174438 


A 


18-09-84 






CH 


653055 


A 


13-12-85 






DE 


3211047 


A 


25-11-82 






DK 


141182 


A,B, 


28-09-82 






FR 


2502613 


A 


01-10-82 






GB 


2095702 


A.B 


06-10-82 






JP 


1968109 


C 


18-09-95 






JP 


6074462 


B 


21-09-94 






JP 


57194239 


A 


29-11-82 






JP 


1201436 


A 


14-08-89 






JP 


1936877 


C 


O9.O6.95 






JP 


6029475 


B 


20-04-94 






LU 


84034 


A 


08-07-82 






MX 


170393 


B 


19-08-93 






NL 


8201161 


A,B, 


18-10-82 






SE 


459100 


B 


05-06-89 






SE 


8201930 


A 


28-09-82 






US 


RE34180 


E 


16-02-93 



Form PCT/lSA/210 (p»*nl tm*f mrmmt) (J*y 1992) 




i HIS PAGE BLANK (USPTO) 



